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An evaluation was made of the ability of chaotropes, low-molecular-weight
ionic compounds which enhance the solubilization of hydrophobic compounds in
water, to improve the recovery of enteric viruses from highly organic estuarine
sediments. Chaotropic agents alone were poor eluents of polioviruses from
sediment but were effective when combined with 3% beef extract. Chaotropes of
lower potency, NaNO3, NaCl, and KCl, were more efficient eluents than the
stronger chaotropes, guanidium hydrochloride or sodium trichloroacetate. The
most effective eluent was 2 M NaNO3 in 3% beef extract at pH 5.5, which eluted
71% of sediment-associated polioviruses. Efficient concentration of the sodium
nitrate-beef extract eluate by organic flocculation required the addition of the
antichaotrope (NH4)2SO4 to a 2 M concentration and Cat-Floc T (Calgon,
Pittsburgh, Pa.) a cationic polyelectrolyte, to a 0.01% concentration. Dialysis of
the final concentrate was necessary to reduce salts to nontoxic levels before assay
in cell cultures. Trials with highly organic estuarine sediment seeded with high or
low numbers of poliovirus 1, echovirus 1, or rotavirus SA-11 demonstrated the
superiority of this method over two other methods currently in use.
The discharge of domestic sewage effluent
bearing pathogenic enteric viruses into estuaries
and coastal waters has been demonstrated to
pose a public health risk, particularly to those
who bathe in or consume shellfish taken from
polluted waters (4, 7, 9, 10, 21). Once introduced
into coastal waters, enteric viruses tend to be-
come associated with particulate matter and
accumulate in the upper layers of marine sedi-
ments, thereby becoming concentrated in num-
bers significantly higher than in the overlaying
water column (6, 23). Sediment-associated vi-
ruses have been shown to be inactivated more
slowly than viruses suspended in seawater (16,
23; D. A. Wait and M. D. Sobsey, Abstr. Annu.
Meet. Am. Soc. Microbiol. 1980, Q94, p. 209).
Resuspension of sediment-associated viruses by
various natural and human activities may in-
crease the risk of virus exposure from ingestion
of contaminated water or shellfish. The concen-
tration and persistence of enteric viruses in
marine sediments, including those underlying
shellfish-harvesting and bathing waters, indicate
the need for a reliable method to isolate and
quantify enteric viruses in sediments. Further-
more, investigations evaluating the effectiveness
of indicator microorganisms as predictors of the
sanitary quality of shellfish suggest that sedi-
ment samples may provide a more valid, longer-
term assessment of the microbiological quality
of an estuarine system than do water samples,
which provide data of a more ephemeral nature
(17; R. Carrick, C. Hackney, G. Lovelace, and
M. D. Sobsey, Abstr. Annu. Meet. Am. Soc.
Microbiol. 1981, N32, p. 178).
Chaotropic agents, low-molecular-weight ion-
ic compounds which alter the thermodynamics
of a water solution in such a way as to favor the
solubilization of hydrophobic substances, have
been employed in biochemical procedures to
isolate membrane-bound proteins and to resolve
multicomponent enzyme complexes (13). Chao-
tropic compounds have been shown to be effec-
tive eluents of polioviruses from membrane fil-
ters (8) and enteric viruses from aquatic
sediments (3).
In the course of field studies on enteric virus
contamination of estuarine waters, sediments,
and shellfish, the recovery of relatively low
levels of viruses from sediments in the vicinity
of a sewage outfall led us to suspect that the
virus recovery method employed (17) was not
effective. This study was carried out to investi-
gate the potential of chaotropic compounds to
provide more efficient recovery of enteric virus-
es from estuarine sediments.
MATERIALS AND METHODS
Viruses. Initial elution and concentration experi-
ments were performed with pbliovirus type 1 strain
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LSc. Poliovirus propagation and plaque assays were
carried out with buffalo green monkey kidney cells, as
previously described (24). Echovirus type 1 strain
V239 and simian rotavirus SA-11 were also employed
in the procedure comparison experiments. Echovirus
type 1 was propagated and enumerated by plaque
assay in buffalo green monkey kidney cells by using
techniques identical to those for poliovirus. Rotavirus
SA-11 was propagated and enumerated by plaque
assay with MA-104 cells. Confluent MA-104 monolay-
ers were rinsed with minimum essential medium to
remove residual serum, inoculated with SA-11 sam-
ples, and incubated at 37°C for 1 h. The first overlay
consisted of Eagle minimum essential medium, 0.9%
agar, 0.3% NaHCO3, 15 mM HEPES buffer, 2 mM
glutamine, 1 x Eagle nonessential amino acids, 100 U
of penicillin G ml-', 100 ,ug of streptomycin sulfate
ml-', and 40 ,ug of pancreatin mln'. After incubation
for 4 days at 37°C, a second overlay similar in compo-
sition to the first overlay but with 1.4% agar and 38 ,ug
of neutral red ml-' was applied. Plaques were counted
24 and 48 h after the addition of the second overlay.
Sediment elution experiments. Estuarine sediment, a
black organic muck, was collected from Calico Creek,
a tidal creek emptying into the Newport River estuary
near Morehead City, N.C. Residual seawater was
poured off after the sediment had completely settled
out of suspension. The sediment was stored at 4°C.
Seawater was seeded with poliovirus to concentra-
tions of 4 x 104 to 4 x 101 PFU per ml. A 10-ml
amount of seeded seawater was thoroughly mixed with
10 ml of wet sediment on a rotary shaker for 15 min
and then centrifuged at 1,850 x g for 10 min. Under
these conditions, the extent of poliovirus adsorption to
sediment consistently exceeded 99.9%.
Beef extract was purchased from three sources,
BBL Microbiology Systems, Cockeysville, Md., Difco
Laboratories, Detroit, Mich., and Oxoid Ltd. (via KC
Biologicals, Lenexa, Kans.). Each lot was pre-
screened for adequate flocculation ability. Beef ex-
tract was sterilized by autoclaving.
Eluent formulations were added to each pelleted
sediment sample at a ratio of 30 ml of eluent per 10 ml
of wet sediment. The pH was adjusted to the desired
value with 1 N HCI or 1 N NaOH, and each sample
was mixed vigorously on a rotary shaker for 15 min.
The pH of the mixture was found to remain relatively
stable during this step. After centrifugation at 5,140 x
g for 5 min, each eluate was sampled to determine
elution efficiency. All elution experiments were con-
ducted in duplicate.
Concentration experiments. The concentration of
viruses eluted from sediment was accomplished by
organic flocculation (14). The eluent developed in
elution experiments, 2 M NaNO3 in 3% beef extract,
was seeded with 104 to 105 PFU of poliovirus per ml,
mixed, sampled, aind split into 10-ml aliquots. Floccu-
lation enhancers were added, and each mixture was
adjusted to pH 3.5. After slow mixing for 20 min,
mixtures were centrifuged at 5,140 x g for 5 min. The
pellets were suspended in 3 ml of 0.1 M Na2HPO4 and
sampled. All concentration experiments were per-
formed in duplicate.
Procedure comparison experiments. Experiments
were conducted with poliovirus, echovirus, and SA-11
to compare recovery efficiencies of the newly devel-
oped method with recoveries for two other proce-
dures. A 150-ml seawater sample was seeded with a
high or low concentration of one virus strain and then
sampled. The seawater was split into 50-ml aliquots,
each of which was mixed with 50 g of wet sediment
and then centrifuged. One sediment sample was taken
through the elution-concentration procedure devel-
oped in this study (Fig. 1). The second sample was
carried through the elution-flocculation procedure de-
veloped by Cooper et al. (5), in which viruses were
eluted with 150 ml of 0.25 M glycine with 3% beef
extract at pH 10.5 and then concentrated by organic
flocculation. Viruses were recovered from the third
sediment sample by a technique developed by LaBelle
et al. (17). For this method, elution was carried out
with 150 ml of 0.25 M glycine with 0.05 M EDTA at pH
11.0. After centrifuging to remove the sediment, the
concentration of viruses was accomplished by adjust-
ing the eluate to pH 3.5 with 1 M glycine (pH 2),
adding 1 M AICl3 to a final 0.06 M concentration,
adsorbing the viruses onto AP-25 (Millipore Corp.,
Bedford, Mass.) and 0.45-,um (Filterite, Timonium,
Md.) filters, in series, and eluting the filters with two
30-ml volumes of pH 11.5 tryptose phosphate broth
containing 10%o calf serum. When SA-11 was em-
ployed as the test virus, 3% beef extract was substitut-
ed for 10%o serum to prevent the loss of virus titer.
RESULTS
Elution of poliovirus from estuarine sediments.
Experiments were first conducted to test the
ability of different chaotropic agents to elute
poliovirus from estuarine sediment (Table 1).
Trichloroacetate possesses relatively large chao-
tropic capacity, whereas guanidium hydrochlo-
ride is a moderately potent chaotrope, and ni-
trate is a weak chaotrope (12). None of these
ELUTION MIX SEDIMENT WITH 2 M NaNO3 IN 3% BEEF
EXTRACT (I:3 W/V). ADJUST TOpH 5.5
SHAKE FOR I5 MINUTES
CENTRIFUGE 5000 xg FOR 5 MINUTES
;--.DISCARD SEDIMENT
CONCENTRATION ADD 4M (NH4)2SO4 TO 2 M CONCENTRATION
ADJUST TO pH 3.5
ADD 1% CAT-FLOC T TO 0.01% CONCENTRArION
MIX SLOWLY FOR 20 MINUTES
CENTRIFUGE 5000xg FOR 5 MINUTES
F--DISCARD SUPERNATANT
RESUSPEND PELLET IN 0.1 M No2HPO4
ADJUST TO pH 7.2
DECONTAMINATION TREAT WITH ANTIBIOTICS
DETOXIFICATION DIALYZE AGAINST PBS
ASSAY
FIG. 1. Method for recovery and concentration of
enteric viruses from estuarine sediments.
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TABLE 1. Elution of poliovirus from sediment by
chaotropes
Elution
Eluent Concn efficiency (%)aEluent ~~(M) at pH:
7.5 9.5
Sodium trichloroacetate 1.0 0.04 0.02
Guanidium hydrochlo- 0.1 0.08 0.08
ride
Sodium nitrate 1.0 0.05 0.06
a Mean percentage of adsorbed viruses eluted.
chaotropes eluted poliovirus efficiently from es-
tuarine sediment at pH 7.5 or 9.5.
In the search for effective virus eluents, sub-
stances besides chaotropes were also tested.
Beef extract, alone and supplemented with gly-
cine and disodium EDTA, a combination pro-
posed as a virus eluent for marine sediments (5),
and citrate, used as a buffer with beef extract to
elute viruses from river water solids (1) alone
and supplemented with beef extract, were evalu-
ated for their ability to elute polioviruses from
estuarine sediment (Table 2). Beef extract eluted
polioviruses more efficiently than any of the
chaotropes, a 3% concentration being most
effective. The addition of glycine and disodium
EDTA did not improve the elution efficiency of
beef extract. Sodium citrate alone was a poor
eluent, but 2 M sodium citrate in 3% beef extract
at pH 7.5 eluted 40o of sediment-associated
polioviruses in small-scale experiments. Howev-
er, when subsequently tested with larger sedi-
TABLE 2. Elution of poliovirus from sediment with
various eluents
Elution efficiency (%)f at pH:
Eluent
5.5 7.5 9.5 10.5
3% Beef extract 5.0 20 1.6 22
6% Beef extract NTb 9.4 2.0 NT
10%o Beef extract NT 8.6 1.5 NT
3% Beef extract-0.25 NT 18 5.7 14
M glycine
3% Beef extract-0.05 NT 12 7.4 16
M EDTAC
3% Beef extract-0.25 NT 20 7.1 17
M glycine-0.05 M
EDTA
0.05 M Sodium citrate NT 4.4 4.9 NT
3% Beef extract-0.05 NT 16 12 NT
M citrate
3% Beef extract-2.0 M NT 40 NT NT
citrate
3% Beef extract-3.0 M NT 0.9 NT NT
citrate
a Mean percentage of adsorbed viruses eluted.
b NT, Not tested.
c Disodium EDTA.
TABLE 3. Elution of poliovirus from sediment with
chaotrope-beef extract mixtures
Elution efficiency (%)0 at
3% Beef extract plus the pH:
following chaotrope (M): 5.S 6.5 7.5 9.5
Sodium trichloroacetate
0.005 NTb NT 14 NT
0.01 NT NT 15 NT
0.05 NT NT 17 NT
0.10 NT NT 26 8.3
1.00 NT NT 0.7 6.0
Guanidium hydrochloride
0.1 NT NT 0.6 NT
1.0 NT NT <0.1 NT
Sodium nitrate
0.1 NT NT 11 NT
0.5 NT NT 21 NT
1.0 36 NT 29 19
2.0 71 42 46 NT
3.0 53 NT 58 NT
4.0 52 NT 58 NT
Sodium chloride (2.9) 49 NT NT NT
Potassium chloride (2.3) 42 NT NT NT
a Mean percentage of adsorbed viruses eluted.
b NT, Not tested.
ment samples, the citrate-beef extract combina-
tion eluted less than 1% of adsorbed polioviruses
(data not shown).
In view of the initial significant increase in
elution efficiency of citrate when mixed with
beef extract, the chaotropic agents were retested
for their ability to elute polioviruses from estua-
rine sediment when supplemented with 3% beef
extract (Table 3). The presence of beef extract
improved the elution efficiency of all chaotropes
tested, with relatively weak chaotropes, nitrate
and chloride, possessing the highest elution effi-
ciencies. The most effective eluent, 2 M NaNO3
with 3% beef extract, eluted 71% of polioviruses
at pH 5.5.
Concentration of virus eluates by organic floc-
culation. To reduce final eluate volumes to mini-
mize cell culture requirements, a concentration
step employing organic flocculation (14) was
investigated. A simple procedure, in which the 2
M NaNO3-3% beef extract eluate was adjusted
to pH 3.5 to flocculate beef extract proteins,
resulted in the recovery of only 2% of poliovi-
ruses (Table 4), with the rest of the viruses
remaining unflocculated in the supematant. In-
creasing the beef extract concentration to as
high as 6% or adding MgCl2 to a 0.05 M concen-
tration or DEAE dextran to 1,000 mg liter-' to
enhance virus adsorption to the floc failed to
reduce the loss of viruses during concentration
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TABLE 4. Effect of antichaotropes upon poliovirus
concentration from eluate by organic flocculation
Antichaotrope concn' Recovery
None ............................ 2.4
1 M sodium citrate................... 2.0
0.5 M Na3PO4 ....................... <0.1
2.0 M MgSO4 ....................... 15
0.5 M (NH4)2SO4 .................... 1.8
1.0 M (NH4)2SO4 .................... 9.1
2.0 M (NH4)2SO4 .................... 24
a Final antichaotrope concentration in 2 M NaNO3-
3% beef extract eluent.
b Percentage of poliovirus in eluate recovered in
concentrate.
(data not shown).
A second approach to improving flocculation
efficiency involved the addition of antichao-
tropes (11), compounds which reduce the sol-
ubility of hydrophobic substances in water. The
addition of these compounds to the eluate visi-
bly increased protein flocculation. Virus recov-
ery efficiency was modestly improved, with 2 M
ammonium sulfate yielding the highest mean
recovery efficiency of 24% (Table 4). The addi-
tion of MgCl2 to 0.5 M in the presence of 2 M
(NH4)2SO4 resulted in the recovery of 36% of
polioviruses during organic flocculation (data
not shown).
Two organic polymers, polyethylene glycol
(Carbowax PEG 20,000; Dow Chemical Co.,
Midland, Mich.) and Cat-Floc T (Calgon, Pitts-
burgh, Pa.) were also tested for their ability to
improve virus recovery efficiency by enhancing
flocculation during the concentration step. Both
Carbowax PEG and Cat-Floc T greatly im-
proved poliovirus recovery in the presence of 2
M (NH4)2SO4 (Table 5). Cat-Floc T, when used
at a 0.01% concentration in the absence of
Mg2+, yielded a mean virus recovery efficiency
of 138%. Virus recovery in excess of 100% may
be due to the ability of Cat-Floc T to enhance
virus adsorption to cell monolayers during
plaque assay (unpublished observation).
Final virus concentrate samples resulting from
this procedure were found to contain high resid-
ual concentrations of salts, causing cell death
during assay unless the samples were diluted.
Dialysis of concentrate samples against phos-
phate-buffered saline for 18 to 24 h at 4°C
eliminated this problem. The complete virus
concentration procedure is outlined in Fig. 1.
Procedure comparison experiments. The virus
recovery efficiency of the method developed in
this study was compared with recoveries ob-
tained by two other techniques currently in use.
One method (5) involves the elution of sediment
with a 3% beef extract-0.25 M glycine mixture
(pH 10.5) followed by concentration by organic
flocculation. The second method (17) employs a
0.2 M glycine-0.05 M EDTA eluent (pH 11)
followed by adsorption of viruses onto a filter
(Filterite) and subsequent elution of viruses
from the ifiter. The virus recovery efficiency of
the method using a chaotrope in combination
with beef extract as the eluent was higher than
either of the two current techniques for high and
low input levels of all three virus types (Table 6).
Comparison of the mean recovery efficiencies
with a two-tailed t test demonstrated that the
recovery efficiency of the chaotrope method was
significantly higher than either of the alternate
techniques at the 5% level for poliovirus 1 and
echovirus 1 and at the 20% level for rotavirus
SA-11.
DISCUSSION
Enteric viruses, because of their size, behave
as colloidal particles in natural waters. Viruses
are generally considered to be hydrophilic in
nature, possessing a strong affinity for water.
Under conditions associated with natural wa-
ters, most enteric viruses possess a net negative
surface charge due primarily to the ionization of
carboxyl groups present on the external surfaces
of viral capsid proteins. Adsorption of enteric
viruses to sediment particles, also generally pos-
sessing net negative charges in natural waters, is
currently explained in terms of the physical
double-layer model for colloidal behavior (26).
Adsorption of a virion to a sediment particle,
according to this theory, requires that the two
particles overcome their mutually opposing neg-
ative charges and approach one another closely
enough for attractive London-van der Waals
TABLE 5. Effect of organic polymers on poliovirus
concentration from eluate by organic flocculation
Polymer concna Recoveryefficiency ()
PEG (30,000 mg liter1)-0.5 M MgCI2 5.6
PEG (6,000 mg liter-1)-0.5 M MgCl2... 72
PEG (600 mg liter-)-0.5 M MgCl2 .... 45
PEG (60 mg liter-1)-0.5 M MgCI2 ..... 45
0.3% Cat-Floc T-0.5 M MgCl2 ........ 49
0.2% Cat-Floc T-0.5 M MgCl2 ........ 66
0.1% Cat-Floc T-0.5 M MgCl2 ........ 105
0.1% Cat-Floc T-0.25 M MgCl2 ....... 93
0.1% Cat-Floc T-0.10 M MgCl2 ....... 93
0.1% Cat-FlocT ..................... 111
0.01% Cat-Floc T .................... 138
0.001% Cat-Floc T ................... 127
a Final polymer concentration in 2 M NaNO3-3%
beef extract eluent supplemented with 2 M
(NH4)2SO4.
b Percentage of total poliovirus in eluate recovered
in concentrate.
APPL. ENVIRON. MICROBIOL.
RECOVERY OF ENTERIC VIRUSES FROM SEDIMENTS 383
TABLE 6. Comparison of methods for recovery of enteric viruses from estuarine sediment
Virus input No. of Mean virus recovery (%)a
Virus (PFU/50 g of trials
sediment) BE-NO3 BE-GLY GLY-EDTA
Poliovirus 1 104 2 39 9.7 0.1
218 2 44 18 0
Echovirus 1 104 2 43 4.4 0.1
615 2 16 2.6 1.5
Rotavirus SA-11 370 2 23 0 0
a BE-NO3, Beef extract-sodium nitrate method; BE-GLY, beef extract-glycine method (5); GLY-EDTA,
glycine-EDTA method (17).
forces to predominate. The pH and ionic
strength of the system exert a controlling influ-
ence upon adsorption, since pH determines the
surface charge of the colloidal particles by regu-
lating the type of surface groups which are
ionized and the degree of ionization, whereas
ionic strength controls the depth of the double
layer around each particle.
Analysis of soluble proteins whose structures
are well characterized has demonstrated that
nonpolar residues make up 40 to 50%o of the
surface area accessible to solvent molecules
(18). Determinations of the amino acid composi-
tion of picomavirus capsid proteins have re-
vealed that 40 to 50%o of the amino acid residues
are nonpolar in nature (22). These findings sug-
gest that enteric viruses possess considerable
hydrophobic character and that hydrophobic
interactions may also play a significant role in
the process of adsorption of enteric viruses to
surfaces.
The solubilization of a hydrophobic substance
in water is accompanied by an entropy decrease.
This entropy decrease is produced by the reor-
dering of the loose hydrogen bond network of
liquid water around nonpolar solute particles to
maximize hydrogen bonding among water mole-
cules in the solvation layer surrounding the
particles (25). Entropy reduction is a result of
the limited configuration possibilities allowing
the maximum amount of hydrogen bonding
when solute particles are present. The associa-
tion of one hydrophobic particle with another or
the preferential adsorption of a virion to a sedi-
ment particle surface is favored thermodynami-
cally because less reordering of water molecules
is required than when a virion remains in sus-
pension in the liquid phase. This hydrophobic
bonding is a consequence of the thermodynami-
cally unfavorable interaction of hydrophobic
substances with water molecules and is not due
to interactions among hydrophobic particles
themselves (15).
Chaotropic compounds are low-molecular-
weight ionic compounds which enhance the sol-
ubilization of hydrophobic substances in water.
The mechanism for the action of chaotropes is in
dispute but is generally believed to be due to the
ability of certain anions to decrease the ordered
structure of water, thereby decreasing the entro-
py barrier which inhibits the solubilization of
hydrophobic substances in water (12). Chaotro-
pic anions increase in potency with decreasing
charge density, the strongest chaotropes pos-
sessing a single charge and a large ionic radius.
The inability of a number of chaotropic agents
of varying potencies to elute poliovirus from
sediment when employed alone suggests that
hydrophobic interactions are not the predomi-
nant forces involved in preferential adsorption
of viruses to sediments. When employed in
conjunction with a proteinaceous material, how-
ever, chaotropic agents become powerful virus
eluents. The action of beef extract, by which the
elution efficiency of a chaotrope is enhanced,
may result from the phenomenon through which
soluble organic substances reduce the extent of
adsorption of viruses to surfaces (2). This phe-
nomenon is hypothesized to consist of competi-
tion between soluble organic compounds and
viruses for specific adsorption sites on surfaces.
Smaller protein molecules present in beef ex-
tract may intercalate between the larger virions
and their adsorption sites on sediment particles
and reduce the strength of their mutual attrac-
tive electrostatic forces. Chaotropic ions may
further encourage desorption of virions by re-
ducing the thermodynamic barrier inhibiting the
movement of partially hydrophobic virions into
the liquid phase. Therefore, both electrostatic
and hydrophobic interactions are hypothesized
to play a role in the adsorption and desorption of
enteric viruses.
The ability of relatively weak chaotropic
agents such as nitrate or chloride to be more
effective than stronger chaotropes in certain
systems has been noted by others (19). Weak
chaotropes are hypothesized to enhance the
solubility of hydrophobic substances more effi-
ciently when both hydrophobic and electrostatic
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interactions are significant.
The potency of the nitrate-beef extract eluent
was demonstrated by the difficulty encountered
when the concentration of eluted viruses by
organic flocculation was attempted. The pres-
ence of a chaotrope apparently reduced the
extent of denaturation and subsequent floccula-
tion of beef extract proteins at pH 3.5 and may
also have inhibited virus adsorption to the floc
that does form. The addition of divalent cations
and DEAE dextran or an increase in beef extract
concentration did not improve virus recovery.
The addition of ammonium sulfate, an antichao-
trope which alters water structure in such a way
as to reduce the solubility of hydrophobic sub-
stances (11), countered the action of sodium
nitrate and increased both flocculation and virus
recovery. Virus recovery efficiency was further
increased by the addition of a cationic polyelec-
trolyte in the presence of ammonium sulfate.
The polyelectrolyte improved floc formation and
probably enhanced virus adsorption to both the
floc (as demonstrated by assay of supematant
fluids) and to cell monolayers (data not shown).
The poor recovery efficiencies of two alterna-
tive methods for virus recovery from estuarine
sediments when tested in parallel with the proce-
dure developed in this study may be due in part
to the fact that each method was developed for
sediments found at different geographical loca-
tions and possibly differing considerably in com-
position and adsorptive characteristics.
The ability of low potency chaotropic agents
to act as efficient eluents of enteric viruses from
estuarine sediments further demonstrates the
utility of these agents in virus recovery proce-
dures. Current techniques for the recovery of
enteric viruses from shellfish (20, 24) include a
step in which viruses are eluted from shellfish
homogenates by using sodium chloride as an
eluent. The mechanism for this step may involve
the chaotropic action of the chloride ion. Studies
in this (R. S. Moore, D. A. Wait, and E. H.
Stokes, Abstr. Annu. Meet. Am. Soc. Microbi-
ol. 1982, Q55, p. 219) and other laboratories (8)
indicate that chaotropic agents act as efficient
virus eluents from membrane filters. The effec-
tiveness of weak chaotropic agents as eluents of
enteric viruses demonstrates the benefit that can
be derived by recognizing both the hydrophobic
and the hydrophilic character of enteric viruses
and exploiting this dual character in virus recov-
ery procedures.
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